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1.  Introduction 


Ferroelectric  thin  films  are  being  investigated  as  a  nonvolatile  storage 
material  for  fabricating  high-density  random  access  memory  devices 
that  are  able  to  retain  information  over  long  periods  without  applied 
power.  Memory  cell  size  reduction  is  an  essential  part  of  achieving  the 
substantial  increase  in  the  number  of  memory  cells  that  is  projected  to 
be  needed  for  the  future  designs  required  by  sophisticated  Army 
electronic  systems.  This  reduction  in  size  requires  a  ferroelectric 
material  that  possesses  a  significantly  higher  dielectric  constant  and 
dielectric  reliability  [1]  than  is  presently  available  with  the  standard 
silicon  dioxide  dielectric  layers,  which  in  turn  has  resulted  in  an 
increased  interest  in  ferroelectric  materials  research.  Although  there 
are  over  1400  known  (bulk)  ferroelectric  materials,  most  of  these 
exhibit  characteristics  that  are  not  conducive  to  use  in  fabricating 
integrated  circuits  [2]. 

Research  into  ferroelectric  materials  is  made  easier  by  the  evaluation 
of  capacitors  fabricated  with  sol  gel  spin  on  PZT  (lead  zirconate 
titanate)  thin  film  ferroelectric  material.  Ferroelectric  materials  by 
definition  are  polar  structural  phase  materials  that  change  phase  at  a 
characteristic  transition  temperature,  accounting  for  spontaneous 
polarization  reversal  capabilities  and  therefore  large  storage-charge 
densities  (1).  Detailed  time-dependent  measurements  help  clarify  the 
causes  of  degradation  of  PZT  properties  due  to  fatigue  and  aging  to 
determine  the  efficacy  of  using  sol  gel  spin  on  PZT  material  for 
producing  a  ferroelectric  device  chip.  The  ferroelectric  device  chip 
will  then  be  fabricated  for  radiation  and  reliability  testing,  and  the 
results  will  be  used  to  further  aid  in  developing  nonvolatile  random 
access  memory  devices  for  Army  systems. 

Ferroelectric  capacitors  are  fabricated  with  platinum  as  the  top  elec¬ 
trode,  PZT  as  the  dielectric,  and  platinum  under  the  PZT  to  form  the 
bottom  plate  (fig.  1).  To  thoroughly  evaluate  the  various  PZT  materials 
available,  the  top  platinum  has  been  defined  through  two  different 
techniques.  The  first  technique  involves  chemically  etching  platinum 
dots  after  the  whole  substrate  is  covered  with  a  platinum  film  using  a 
selected  deposition  process  (sputtering).  The  second  method  requires 
making  a  shadow  mask  whereby  the  solid  mask  with  patterned 
windows  rests  on  the  substrate  and  the  platinum  is  then  sputtered 
onto  the  PZT  material  through  the  patterned  windows.  The  second 
approach  is  a  simple  method  to  create  test  samples  on  a  quick 
turnaround  (QTA)  basis.  For  our  research,  the  mask  was  fabricated 
from  a  silicon  wafer.  The  process  used  to  develop  this  shadow  mask 
is  the  topic  of  discussion  in  this  report. 
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Figure  1.  Cross-section 
of  PZT  capacitor. 
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leads 


2.  Factors  Considered  in  Fabricating  Shadow  Mask 

The  goal  of  this  work  was  to  etch  paticrrwxl  thrtnjf-th  a  viluv.?. 
wafer  to  create  a  shadow  mask  through  whuh  platinum  \m*uU3  Itt 
sputtered  onto  a  PZT-  coated  substrate  In  silicon  wafers  •  l  w  •  ftA-etal 
orientation  will  etch  at  a  much  higher  rate  than  •  1 11  *  .  a  diffetr-ntial 
almost  100  to  1  with  the  potassium  hvdrosidectch  misfurr  ccTreuif  t<  il 
here  (3).  Thus  we  see  that  silicon  etches  along  tlw  cts^tal  plane, 
depiending  upon  the  etch  used  and  the  ers-st.*  j  ofxruation  ni  a  part  lojlar 
wafer,  and  not  necessarily  perpendicularly  through  the  drp*h  the 
wafer  (fig.  2  and  3  and  fig,  4  (sect  3))  Therefore  the  etch  and  the  ct  s  '-t  a) 
orientation  angle  must  be  used  to  calculate  the  surface  paftrrn  hole 
size  needed  to  achieve  the  desired  l27-um-diam  hi^Jes  m  the  wafer 
required  by  this  experiment  The  approach  here  was  to  rich  through 
<100>  crystal  orientation  w-afers,  both  51  -um  thick,  with  a  diamrJrr  of 
3.175  cm.  Also  used  were  wafers  w-iih  a  Ihicknrsv  27*?  um  and  a 
diameter  of  5.08  cm  (since  these  were  on  hand)  to  drlcnnme  which 
would  make  a  better  mask 

Three  silicon  etches  were  considered  for  etching  through  the  silicon 
a  fast- etch  mixture  of  nitric  acid,  acetic  acid,  and  hydrofluoric  acid,  a 
potassium  hydroxide  etch  mixture  of  potassium  hydroxide,  normal 
propanol,  and  water;  and  an  EDP  (elhylenediamine-pvrocatrchol) 
etch  mixture.  Another  consideration,  which  depended  on  the  etch 
used,  was  what  material  would  be  suitable  to  mask  the  silicon  while 
etching  the  shadow  mask.  Photoresist,  silicon  dioxide,  and  silicon 
nitride  were  all  possibilities  that  were  evaluated 


2.  Side  view  of  elth  angle:  potassium  hydroxide  etch;  <100>  crystal  orientation. 


Figure  3.  Top  view  of  etch  angle:  potassium  hydroxide  etch;  <100>  crystal  orientation. 
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3.  Testing  and  Evaluation 

The  first  etch  test  sample,  279  jim  thick,  was  coated  with  photoresist 
both  on  the  polished  surface  and  on  the  back  to  mask  the  silicon  fror« 
the  etch.  The  polished  side  was  patterned  with  533-  x  533-|im  squares. 
The  etch  used  was  an  isotropic  fast  etch  of  3  parts  nitric  acid,  2  parts 
acetic  acid,  and  1  part  hydrofluoric  acid,  estimated  to  etch  silicon  at  12 
to  13  pm  (120,000  to  130,000  A)  per  minute.  The  photoresist  did  not 
hold  up  in  the  etch;  it  lifted  in  less  than  one  minute  and  the  area  of 
silicon  to  be  protected  was  etched  along  with  the  holes. 

A  decision  was  then  made  to  use  an  anisotropic  potassium  hydroxide 
etch  mixture  of  80-g  normal  propanol,  100-g  potassium  hydroxide, 
and  320-g  deionized  water.  For  several  reasons,  this  is  more  desirable 
than  the  previous  fast-acid-based  etch,  which  is  isotropic  and  harder 
to  control  when  etching  thick  materials  (i.e.,  pm  vs  A).  Acid  etches 
tend  to  etch  less  uniformly  and  are  more  hazardous  to  work  with  than 
caustic  etches  such  as  the  potassium  hydroxide  mixture  [4]. 

The  surface  pattern  hole  size  was  calculated  for  <100>  crystal  orien¬ 
tation  wafers  using  the  potassium  hydroxide  etch  mixture,  with  the 
following  formula,  whered  is  the  etch-through  depth  and  le  is  the  width 
of  the  surface  pattern  [5]: 

d  =  w/2  tan  (54.7°)  ; 

therefore,  d  =  0.706  w  . 


Figure  4.  Profile  for 
etch  calculation. 
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|-  127  pm  -| 
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If  the  thickness  (i.e  ,  depth)  of  the  wafer  to  tn?  etched  through  i>  n 

the  width  of  thesurface  pattern  can  be  calculated  The  desired  h.  *1  sic* 
must  be  added  to  this  calculated  figure  to  deter tnu\e  the  aviujl  sunai  * 
pattern  width.  Using  rounded  figures,  s  VV^ui  s^iuaies  oi  fc 

needed  tobe patterned  for 279-^m-thick  etch-  throughdepihs  .»;.j  - .  ' 
X  203-fim  squares  for  5 1 -pm  depths 

Having  used  this  potassium  hydrocide  etc  hfuivtufe  ui  jnei  w.  !k 

we  knew  that  photoresist  dix‘s  not  maintaui  mtegruv  ct\c »  iie,  c  1  !,„•> 
it  was  decided  to  mask  the  etch  with  pv fcy.eitiv aih  g?e.\r.  v  .  n 
dioxide  on  the  samples  that  measured  ^1  urn  th.uk  Ih.e  jHihs;., 
back  surfaces  were  coated  with  photoresist.  2i*  t  -  v  sou-oes  i-,  lii 
pattenied,  the  silicon  dioxide  was  etc  fuel  us  tlii  {vitic  fi.cd  jtc  .i  .<  .o  ;;  e 
a  mask  everyw’here  else*  including  the  water  5\uk  ttu  •is.o 
removed,  and  thesilicon  wasetdied  tfuc>ugf>.  tJ «  ve,u.j!es  is  !.c  u  o  c 
silicon  dioxide  was  etched  awa\  !  hen  the  mIuc*'.  ct.voule  n  .v  ic  vc  .o 
removed.  After  trying  tocc»ntrol  tfu-  etc  fi  ratecc-  s*  s .  r.si  c  jc  f 
tests  c)n  both  27'->-pm- thick  and  um  thu  k  w  ate  ?•.  cs  i  c  c  t'.s.!.  a 

fast  and  yet  uniform  etch  rate  i*l  2ihi*%!  \  ni:!t  T'  *.;n  it  o  \c  s!:  a 
potassium  hydroxide  e  tch  mixture  tc  rr.jv  ratur.  .e  \  ^  ’’ 

Thesilicon  dioxide  mask  was  attacked  and  eurtualic  etchcil  aw.sv 
before  penetrating  through  the  2>  pm  thu  k  •oluo':  sam,;*;«  a  ,  n.  n 
tested  silicon  nitride  as  an  etch  mask  tor  tfu  M-  thu  k.  r  samph  s  In  In  m 
growing  a  tninding  layer  of  HtlO- A  siimm  di.wuh  and  then  d*  jsv-.t.ng 
1000- A  silicon  nitride  The  polished  surtacev  Ot  each  water  wc-fe 
patterned  with  531-  c  n33-pms<juari‘s  thevi'uunr^jirule  ys.isetihi  d  m 
ihp  patterned  areas,  the  resist  ys-as  remi'>\ed  the  ssiuon  dioissh  'k\ac 
then  etched  in  the  patterneyf  area,  and  then  toe  s-suon  w  ax  *  li  heit 
through  the  patterned  ojvning  I  inalU  fh«-  o.ho'n  nurule  mavl  w  ac 
removed. 

4.  Results  and  Conclusions 

Because  of  the  selectivity  of  the  etch  along  the  cm  stal  planes  and  the 
limitations  of  aligning  the  pattern  exactly  parallel  to  the  cry  stal  plane 
of  the  wafer,  the  patterned  s<]uarcs  etched  unevenly  ahmg  the  eif ges 
i  e.,  each  area  that  overlapped  a  plane  was  attacked  bv  the  etch, 
prcxludng  misshajx'n  etched  squares  (fig 

Holes  of  203-pm  diameter  were  patlcmcvl  to  eliminate  having  more 
than  one  point  contact  the  crystal  plane  and  the  resulting  etch- through 
pattern — in  spite  erf  sltghtlv  shifted  rtrws  (due  toprc'’  "•"slv  mentioned 
problem  of  aligning  pattern  exactly  parallel  to  crystal  plane) — pro¬ 
ducing  more  uniformly  si/ed  and  straight  edged  squares  that  meas¬ 
ured  127x  127  pm  (fig.  6)  Undercutting  the  circular  pal  tern  at  fourarcs 
of  the  circle  (fig.  7)  resulted  in  the  final  square  pattern,  sati.xfving  the 
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I  i^ure  4.  I’l.itinuni  squ.irrs  sputlt'red  through  t’ti  li-lhroiii;li  '.h.idinv  mask 


Figure  10.  Platinum  dots  sputtered  tiuough  met.rl  screen 
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